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With the measured cross sections for e+e− → vector–pseudoscalar (VP) at √s = 3.773 GeV and √s =
3.671 GeV by the CLEO Collaboration, we perform a global amplitude analysis to study the possible
interference effects between the continuum process via virtual photon and the ψ(3770) resonance
decay. It is found that such interference may signiﬁcantly affect the measurement of the ψ(3770) →
exclusive non-DD¯ decays. By taking the interference into account, we extract the branching fraction for
ψ(3770) → ρπ .
© 2012 Elsevier B.V. All rights reserved.1. Introduction
Traditionally, ψ(3770) is believed to be a mixture of the D-
wave and S-wave of the angular momentum eigenstates of the cc¯
system and is expected to entirely decay into the DD¯ ﬁnal states
[1,2]. However, by analyzing different data samples with differ-
ent methods under the assumption that there is only one simple
observable ψ(3770) resonance in e+e− annihilation in the center-
of-mass energy region between 3.700 and 3.872 GeV, the BES Col-
laboration measured the branching fraction of ψ(3770) → non-DD¯
to be (15 ± 5)% [3–7]. This means that the ψ(3770) substantially
decays into non-DD¯ ﬁnal states, or there are some new struc-
ture or physics effects which may be partially responsible for the
large non-DD¯ branching fraction of the ψ(3770) decays measured
by the BES [8]. In recent years, both the BES and CLEO Collab-
orations made great efforts in searching for ψ(3770) exclusive
charmless decays by comparing the observed cross sections mea-
sured at the peak of ψ(3770) resonance and at some continuum
energies [9–20], by examining more than 80 exclusive charmless
ﬁnal states. However, the sum of all measured branching fractions
for ψ(3770) → exclusive non-DD¯ decays is still not more than 2%
[9–24]. Understanding the difference between the measured inclu-
sive ψ(3770) → non-DD¯ branching fraction and the exclusive ones
has became an important issue in study of the ψ(3770) non-DD¯
decays.
In 2006, the CLEO Collaboration published the most precise
measurements of the cross sections for e+e− → VP channels at√
s = 3.773 GeV and √s = 3.671 GeV [20], where VP stands for
ρπ , ρη, ρη′ , φπ0, φη, φη′ , ωπ0, ωη, ωη′ , K ∗±K∓ and K ∗0 K¯ 0 +
c.c.. Table 1 shows the cross sections for some interesting channels.
* Corresponding author.
E-mail address: lilei@ihep.ac.cn (L. Li).0370-2693/$ – see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.physletb.2012.04.021Table 1
Measurements of the cross sections for e+e− → π+π−π0, ρπ , ρ0π0 and ρ+π−
by the CLEO Collaboration [20], where the ﬁrst errors are statistical and the second
are systematic.
e+e− → σ (pb) σ (pb)√
s = 3.671 GeV √s = 3.773 GeV
π+π−π0 13.1+1.9−1.7 ± 2.1 7.4± 0.4± 1.2
ρπ 8.0+1.7−1.4 ± 0.9 4.4± 0.3± 0.5
ρ0π0 3.1+1.0−0.8 ± 0.4 1.3± 0.2± 0.2
ρ+π− 4.8+1.5−1.2 ± 0.5 3.2± 0.3± 0.3
It is found that the ﬁnal states of π+π−π0, ρπ , ρ0π0 and ρ+π−
have a smaller cross sections at
√
s = 3.773 GeV than at √s =
3.671 GeV. Assuming the 1/s3 energy dependence of the cross
section, we obtain the cross sections for ψ(3770) → π+π−π0
and ψ(3770) → ρπ to be (−3.7+1.7−1.5 ± 0.6) pb and (−2.4+1.5−1.2 ±
0.3) pb, respectively. The deﬁcit yields of ψ(3770) → π+π−π0
and ψ(3770) → ρπ hint that a negative interference between
ψ(3770) strong decay and continuum production may come into
play to reduce the observed cross sections.
In this work, in order to probe the strong decay component of
the ψ(3770) resonance, we develop a model [25] to account for
the interference effect between the continuum process via virtual
photon and the ψ(3770) resonance decay in e+e− → VP produc-
tion processes. By analyzing the cross sections of e+e− → VP at√
s = 3.773 GeV and √s = 3.671 GeV measured by the CLEO Col-
laboration [20], we extract the branching fraction for ψ(3770) →
ρπ .
2. Model
The amplitude analysis was ﬁrst introduced to study the de-
cay of J/ψ → VP in Ref. [26]. Assuming J/ψ is an SU(3) ﬂavor
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Amplitudes for ψ(3770) resonance decay (Mchres) and continuum process via virtual photon (M
ch
E–M) for channel
‘ch’.
e+e− → Mchres MchE–M
ρ+π− , ρ−π+ , ρ0π0 g e
K ∗+K− , K ∗−K+ g(1− sg ) e(1+ se)
K ∗0 K¯ 0, K¯ ∗0K 0 g(1− sg ) −e(2− se)
ωη gXη +
√
2rg[√2Xη + (1− sp)Yη] eXη
ωη′ gXη′ +
√
2rg[√2Xη′ + (1− sp)Y ′η] eXη′
φη [g(1− 2sg )]Yη + rg(1− sv )[
√
2Xη + (1− sp)Yη] −2e(1− se)Yη
φη′ [g(1− 2sg )]Yη′ + rg(1− sv )[
√
2Xη′ + (1− sp)Yη′ ] −2e(1− se)Yη′
ρ0η 0 3eXη
ρ0η′ 0 3eXη′
ωπ0 0 3esinglet and taking two types of SU(3)-breaking effects due to
a heavy-strange-quark mass and electromagnetic effects into ac-
count, the amplitude of J/ψ → VP contains two parts, which are
the amplitude of strong decay via three-gluon and the amplitude
of electromagnetic decay via one-photon annihilation [27]. In the
Letter, we expand the mechanism to deal with ψ(3770) → VP.
However, since the dilepton partial width of ψ(3770) resonance
is small in comparison to the J/ψ , the amplitude of ψ(3770)
electromagnetic decay via one-photon annihilation can be ne-
glected. Therefore, at
√
s = 3.773 GeV, the production amplitude
for e+e− → VP is the sum of the amplitudes for ψ(3770) res-
onance decay (Mres) and continuum process via virtual photon
(ME–M). At
√
s = 3.671 GeV, only the amplitude of continuum pro-
cess via virtual photon (ME–M) is involved.
Thus, for each of the e+e− → VP channels “ch” (ch = ρπ , ρη,
ρη′ , φπ0, φη, φη′ , ωπ0, ωη, ωη′ , K ∗±K∓ and K ∗0 K¯ 0 + c.c.), the
production amplitude at the center-of-mass energy of
√
s can be
written as
Mch√
s
= Mchres,√s +MchE−M,√s. (1)
At
√
s = 3.671 GeV, we have Mch
res,
√
s
= 0 and MchE–M,3.671 =
MchE–M,3.773 · fd , where fd = (3.773/3.671)3 is the scaling factor ac-
counting for the 1/s3 energy dependence of the cross section. With
the production amplitudes of Mch
res,
√
s
and Mch
E–M,
√
s
, the Born cross
section for ψ(3770) → “ch” at √s = 3.773 GeV is determined by
σ chres = v33.773 ×
∣∣Mchres,3.773∣∣2. (2)
The total Born cross section for e+e− → “ch” at √s = 3.773 GeV is
determined by
σ ch3.773 = v33.773 ×
∣∣Mchres,3.773 +MchE–M,3.773∣∣2. (3)
In Eqs. (2) and (3), the v3√
s
accounts for the phase space depen-
dence with
v√s =
√(
1− (mV +mP)
2
s
)(
1− (mV −mP)
2
s
)
, (4)
where mV and mP are the masses of the vector and pseudoscalar
mesons.
In order to obtain the amplitudes of Mchres and M
ch
E–M for each
channel “ch”, we follow the convention given in Ref. [27]. The sym-
bol g represents the SU(3) symmetric SOZI amplitude, r represents
the nonet symmetry breaking DOZI amplitude which is expressed
relative to g, e represents the electromagnetic amplitude, and the
phase of e relative to g is deﬁned as θ . The SU(3) violation is ac-
counted for by a factor (1−sg ) for every strange quark contributing
to g, a factor (1− sp) for a strange pseudoscalar contributing to r,Table 3
The summary of the number of events for e+e− → VP measured by the CLEO [20],
where the subscripts “sw” and “sb” indicate the mass signal window and sidebands,
respectively; 
 is the detection eﬃciency for VP channels.
e+e− → VP N3.67sw N3.67sb N3.77sw N3.77sb 
 (%)
ρπ 43 5.4 314 44.8 26.3
ωπ0 54 6.2 696 39.2 19.0
ρη 36 3.1 508 31.0 19.6
ωη 4 0.0 15 6.0 9.9
φπ0 1 1.6 2 4.0 16.5
φη 5 1.0 132 15.9 11.0
ρη′ 1 0.0 27 0.9 2.9
ωη′ 0 0.0 2 0.0 1.5
φη′ 0 0.0 9 2.0 1.2
K ∗0 K¯ 0 + c.c. 38 0.4 501 18.1 8.8
K ∗±K∓ 4 1.0 36 32.4 16.0
a factor (1 − sv) for a strange vector contributing to r and a fac-
tor (1 − se) for a strange quark contributing to e. Following such
conventions, the amplitudes for the ψ(3770) resonance decay Mchres
and the continuum process via virtual photon MchE–M for each of the
VP channels “ch” can be obtained. These amplitudes are listed in
Table 2. In the table, Xη , Xη′ , Yη and Yη′ are deﬁned as [26]
Xη = Yη′ =
√
1
3
cos θP −
√
2
3
sin θP ,
Xη′ = −Yη =
√
1
3
sin θP +
√
2
3
cos θP ,
where θp is the η − η′ mixing angle. These amplitudes completely
control the correlations among the VP channels. If any signiﬁ-
cant ψ(3770) resonance decay amplitude Mchres is measured to be
non-zero, it means that the ψ(3770) has a signiﬁcant branching
fraction to decay into the non-charmed channel “ch”.
3. CLEO measurements
Table 3 shows the number of events observed in the mass sig-
nal window (“sw”) and sidebands (“sb”) in data taken at
√
s =
3.671 GeV and
√
s = 3.773 GeV for e+e− → VP measured by the
CLEO Collaboration [20]. The number of events for each VP channel
at
√
s can be obtain by
Nobs,ch√
s
= N
√
s,ch
sw −N
√
s,ch
sb . (5)
Since the detection eﬃciencies (
) which are shown in the last
column of Table 3 for each of the e+e− → VP channels do not in-
clude the initial state radiation (ISR) correction [19,20], we have
to correct the CLEO detection eﬃciencies (
). Assuming the 1/s3
dependence of the continuum cross section and the energy cut of√
s′ >= 3.1 GeV, we estimate [25] the ISR and FSR (ﬁnal state ra-
diation) correction factors for the continuum process via virtual
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s = 3.671 GeV, respectively. The ISR and FSR correction factor for
the ψ(3770) resonance decay is estimated to be ηres = 0.824 at√
s = 3.773 GeV. In the calculation of the ISR correction factor, the
v3√
s
phase space dependence is taken into account.
4. The maximum likelihood ﬁt
For each VP channel, the expected number of events at
√
s =
3.773 GeV and
√
s = 3.671 GeV, Nexp,ch3.773 and Nexp,ch3.671 , can be esti-
mated by
Nexp,ch3.671 = L3.671 · v33.671 · 
chE–M · ηchE–M,3.671 ·
∣∣MchE–M,3.671∣∣2, (6)
Nexp,ch3.773 = L3.773 · v33.773 ·
∣∣√
chres · ηchres ·Mchres,3.773
+
√

chE–M · ηchE–M ·MchE–M,3.773
∣∣2, (7)
where L√s is the integrated luminosity for data taken at
√
s
(L3.773 = 281 pb−1 and L3.671 = 21 pb−1 [20]). The unknown am-
plitudes Mchres and M
ch
E–M for each of the VP channels, are deter-
mined with a maximum likelihood ﬁt of the expected number of
events, Nexp,ch (Eqs. (6) + (7)), to the observed number of events,
Nobs,ch, given in Table 3, using Eq. (5).
The likelihood function L is given by
L =
2Nch∏
ch,
√
s
Pch
(
Nobs,ch√
s
,Nexp,ch√
s
)
, (8)
where
Pch
(
Nobs,ch√
s
,Nexp,ch√
s
)= (N
exp,ch√
s
)
Nobs,ch√
s
Nobs,ch√
s
!
e
−Nexp,ch√
s
is the Poissonian probability function for ﬁnding Nobs,ch√
s
events
with the assumed mean number Nexp,ch√
s
at
√
s. The channels stud-
ied are ch = ρπ , ρη, ρη′ , φπ0, φη, φη′ , ωπ0, ωη, ωη′ , K ∗±K∓
and K ∗0 K¯ 0 + c.c.. Using the ﬁtted parameters of g, e, θ , r, sg , se ,
sV , sP and θP , we derive the amplitudes of Mchres and M
ch
E–M for each
of the VP channels.
5. Results
From the maximum likelihood ﬁt, we obtain χ2/ndof = 12.1/
9 = 1.3 with
|g| = 2.69± 0.31,
|e| = 1.16± 0.02,
θ = (173.0± 14.1)◦,
sg = 0.81± 0.12,
se = −0.44± 0.08,
θP = (−22.8± 1.4)◦,
sP = −0.07± 0.24,
sV = −2.00± 2.08,
r = −0.27± 0.22. (9)
The ﬁt shows that the relative phase between g and e is almost
anti-parallel, which indicates a destructive interference between
the amplitudes of ψ(3770) resonance decay and the continuumprocess via virtual photon at
√
s = 3.773 GeV. Such a destructive
interference buries the information of ψ(3770) → ρπ and leads to
a suppression in the mass spectrum. The ﬁtted η−η′ mixing angle
θP is consistent with
θP = (−19.2± 1.4)◦ Mark III
θP = (−19.1± 1.4)◦ DM2, (10)
which are measured by the Mark III and DM2 Collaborations [28,
29].
With the ﬁtted parameters of g, e and θ , we obtain the Born
cross section for ψ(3770) → ρπ by inserting these parameters
into Eq. (2). We obtain
σ Born
(
ψ(3770) → ρπ)= (18.96± 4.37) pb.
The Born cross sections for three pure E–M channels at
√
s =
3.773 GeV are determined to be
σωπ
0
E–M = (10.49± 0.18) pb,
σ
ρη
E–M = (7.16± 0.16) pb,
σ
ρη′
E–M = (2.27± 0.05) pb. (11)
With the ψ(3770) resonance parameters quoted from the PDG
10 [7], we obtain the Born cross section for ψ(3770) production
by
σ Bornψ(3770) =
12πΓeeΓtot
M2ψ(3770)Γ
2
tot
= (10.01± 0.78) nb, (12)
where Mψ(3770) = 3772.92 ± 0.35 MeV, Γee = 0.265 ± 0.018 keV
and Γtot = 27.3 ± 1.0 MeV. Thus, the branching fraction of
ψ(3770) → ρπ can be obtained by
B(ψ(3770) → ρπ)= σ Born(ψ(3770) → ρπ)
σ Bornψ(3770)
= (1.89± 0.46) × 10−3, (13)
with the partial width Γ (ψ(3770) → ρπ) = (51.6± 12.7) keV.
6. Summary
A global amplitude analysis is performed to analyze the cross
sections for e+e− → VP measured at √s = 3.773 and √s =
3.671 GeV by the CLEO Collaboration. Instead of a deﬁcit yield
of ψ(3770) → ρπ , the amplitude analysis shows that the branch-
ing fraction for ψ(3770) → ρπ is (1.89±0.46)×10−3. It indicates
that the interference between the continuum process via virtual
photon and the ψ(3770) resonance decay may signiﬁcantly affect
the result of ψ(3770) decays. Thus, it may be diﬃcult to search
for ψ(3770) → non-DD¯ with exclusive light hadron ﬁnal states by
comparing the observed cross sections measured at the peak of
ψ(3770) resonance and at some continuum energies since we do
not know the phase of the interference. To observe these charm-
less decays [30], the most promising way is to perform the energy
scan for each exclusive channel and then extract the decay branch-
ing fractions by ﬁtting the line shape of these cross sections.
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